Introduction
According to global cancer data in 2012, there were estimated 455,800 newly diagnosed esophageal cancer (EC) patients and 400,200 EC-associated deaths worldwide. 1 In high-risk regions, esophageal squamous cell carcinoma (ESCC) accounted for 90% of all EC cases. 2 Alcohol consumption, tobacco smoking, and low intake of fruits and vegetables are common risk factors of ESCC. 3 However, the etiology of ESCC remains uncertain and exploring possible risk factors of ESCC is in urgent need.
Extensive studies demonstrated that physical activity can reduce the risk of heart diseases, cancers, and all-cause mortality. 4 Physical activity has also been reported to be associated with decreased incidence and mortality of various cancers. 5, 6 Studies have implied an inverse relationship between total physical activity and EC risk. [7] [8] [9] Physical activity can be classified into various types, such as occupational activity performed at work and recreational activity done for fitness or health. 10, 11 Studies focusing on the association between ESCC risk and different activity types are limited and show inconclusive results.
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Sitting time, associated with cardiovascular diseases, various cancers, and higher mortality, is significantly different from the physical inactivity.
14 One adult's sitting time is relatively independent of the time spent on physical activity. 15 Sitting time has attracted a lot attention in cancer prevention. A meta-analysis demonstrated a positive association between sitting time and the risk of colon and endometrial cancers. 16 A study in one cohort found that long sitting time contributed to high total cancer risk in women. 17 To our best of knowledge, only one study investigated the relationship between total sitting time and ESCC, with no statistical correlations between 215 ESCC patients and health controls. 12 Based on the above information, we conducted the present case-control study to investigate the impact of moderate to vigorous occupational and recreational activity time (RAT) and total sitting time on ESCC risk. Additionally, whether the impact of these factors relied on obesity was assessed by adjusting for body mass index (BMI). For the first time, we explored the adjusted impacts of total sitting time, occupational activity time (OAT), and RAT on ESCC risk by adding them into one multivariable model.
Methods case and control selection
From July 2015 to January 2017, 598 patients newly pathologically diagnosed with ESCC at Qilu Hospital of Shandong University, Shandong Cancer Hospital and Institute, Wuhan Union Hospital, Sir Run Run Shaw Hospital, and Pingyi Hospital of Traditional Chinese Medicine were invited to participate in this study. The exclusion criteria were as follows: 1) one refused our invitation; 2) one had a family history of tumors of the digestive system; 3) one had locomotor system diseases; and 4) one reported that he/she could not recall the status before ESCC diagnosis. The participation rate was 93%, and 557 cases were finally included.
A total of 543 age-and sex-matched (frequency matching) controls were recruited at ~1:1 ratio (the response rate among controls was 95%). These controls were composed of healthy people who arrived at hospital for health checkups (68%) and other patients whose diagnoses were not related to ESCC, including dermatologic disorders (18%), hernias (6%), acute urinary inflammation (4%), and rhinitis (4%). Specifically, considering China is a large agricultural country and the life factors may differ notably between farmers and nonfarmers, we had balanced the proportion of farmers between ESCC patients and controls when recruiting subjects. The proportion of farmers was 55% in cases and 58% in controls. The current study was approved by the Ethics Review Committee of each participating hospital and was conducted in accordance with the ethical standards of the 1964 Declaration of Helsinki and its later amendments. Written informed consent was obtained from every participant in our study.
Data collection
A structured questionnaire including height (cm), weight (kg), total sitting time (hours/day), OAT (hours/day), RAT (hours/week), smoking status, drinking frequency (times/month), and dietary habit was used to collect the relevant information. Our trained staff performed face-to-face interviews with participants to instruct them to report the status before ESCC diagnosis.
The total sitting time was defined as the total time spent on sitting per day by the patients over 12 months prior to the development of ESCC (1, 1-3, 3-5, 5-7, and 7 hours/day according to the questionnaire). The duration of physical activity was collected according to various intensities and types. This study only included the time spent on moderate to vigorous physical activities that required effort equivalent to that of a brisk walk or that could lead to a recognizable increase in breathing, heart rate, and sweating. 10, 18 OAT was defined as the average time spent on moderate to vigorous physical activities during working hours per day in adult life, such as custodial work, farming, machine repair, forestry, and construction. RAT was defined as the time spent per week on moderate to vigorous physical activities for recreation or health, such as walking and running, leisurely bicycling, swimming, and playing baseball, basketball, and tennis.
BMI was calculated by dividing weight (kg) by height squared (m 2 ). According to the World Health Organization data, participants were assigned into the following three groups by BMI: 18.5, 18.5-24.9, and 25.0 kg/m 2 . 19 The participants were separated according to their smoking status as never, former, and current smokers. Participants who never smoked or smoked no 100 cigarettes during their lifetime were classified as never smokers. Former smokers included those who had quit smoking at least 1 year before the diagnosis of ESCC. Current smokers included individuals who had quit smoking 1 year before diagnosis or were still smoking at the time of the study. 20 The drinking frequency was classified as never, occasional, and often. 21 Individuals who drank 0-1 times per month were defined as never drinkers. "Occasional drinking" referred to drinking 2-8 times/month, while drinking 9 times/month was classified as "often drinking" in this study. Daily consumption of moldy food, hot food, fried food, or pickled vegetables was listed as a special dietary habit.
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sitting and physical activity with escc risk Finally, the collected information was categorized as follows: total sitting time (short: 3 hours; moderate: 3-6 hours; and long: 7 hours), OAT (short: 2 hours; moderate: 2-4 hours; and long: 4 hours), RAT (no: 0 hours; short: 2 hours; and long: 2 hours), smoking status (never/ former/current), drinking frequency (never/occasional/often), and dietary habits (normal/special).
statistical analysis χ 2 test and Student's t-test were adopted in the analyses of categorical variables and numerical variables of the cases and controls, respectively. Associations between variables and ESCC risk were measured with odds ratios (ORs) and 95% confidence intervals (CIs) by conditional logistic regression models matched on age and sex. The multivariable models were adjusted for potential confounding factors, including total sitting time, OAT, RAT, smoking status, drinking frequency, and dietary habit, with or without BMI. Data were analyzed by the STATA software (Version 12; StataCorp LP, College Station, TX, USA). A two-sided P-value of 0.05 was considered statistically significant.
Results
Five hundred fifty-seven ESCC patients and 543 sex-and age-matched control individuals were included in this casecontrol study. Table 1 shows the baseline characteristics of the subjects. The mean age ± standard deviation was 61.3±9.9 and 61.5±10.5 years in the ESCC patients and controls, respectively. The percentage of current smokers, frequent drinkers, and individuals with special dietary habits was significantly higher among the ESCC patients than the controls (all P0.001). Compared to the controls, both sitting time (P=0.04) and OAT (P0.001) were longer, while RAT (P0.001) was shorter in the ESCC patients.
The risks of ESCC in relation to sitting time, OAT, RAT, and other factors are exhibited in Furthermore, considering the potential relationship between BMI and sitting as well as physical activity, we added BMI to our multivariable models. Nevertheless, when BMI was included, the risk assessment for sitting time, OAT, and RAT remained statistically significant, whereas for smoking status, drinking frequency, and dietary habit, the AOR changed very slightly.
Because the incidence of EC and lifestyle differed significantly between men and women, 1, 22 we performed risk estimation according to sex (Table 3 ). In both men and women, longer sitting time, longer OAT, smoking, and special dietary habits were associated with high ESCC risk, while longer RAT was related to reduced ESCC risk. However, no association between drinking and risk of ESCC was found in women. 
Discussion
Dominant roles of lifestyle factors in the pathogenesis of ESCC have been previously demonstrated. 23 This study showed the impacts of long sitting time and OAT in increasing ESCC risk and the effects of long RAT in decreasing ESCC risk in both sexes. The trends of those factors in influencing ESCC risk remained statistically stable when adjusting for BMI. Furthermore, we found that the effect of sitting time on ESCC risk could be completely eliminated and the effect of OAT could be partially diminished by long RAT.
Previous studies have suggested the association between more physical activity and lower risk of various cancers, including esophageal adenocarcinoma (EAC). 8, 24, 25 Interestingly, recreational activity was found to act as a protective factor against EC, whereas occupational activity could increase the risk of EC. 26, 27 Data on the relationship between physical activity and ESCC risk are very limited and variable. Etemadi et al 13 reported that reduced professional physical activity in childhood or early adult life could increase ESCC risk only in women. A study in an Indian cohort demonstrated a strong association between strenuous occupational activity and high ESCC risk, 27 whereas another study reported negative result in ESCC. 7 Our study found that longer RAT was clearly associated with lower ESCC risk, while longer OAT led to an increased ESCC risk, which is in line with previous studies. In the stratification analysis according to sex, the results were also positive in both men and women and it appeared that the impacts of OAT and RAT were stronger in women. These findings suggested that the impacts of physical activity on ESCC risk differed according to the type of activity.
Our analyses showed that longer RAT was associated with lower BMI (P=0.04). And one hypothesis is that physical activity can prevent weight gain and thus reduce cancer risk. 28, 29 However, when BMI was incorporated in the model, the risk of ESCC in relation to RAT and OAT changed only slightly, suggesting that the roles of different physical activities were relatively independent of BMI. There are several potential mechanisms to explain our findings. For instance, more physical activity was shown to be associated with a reduced risk of gastresophageal reflux disease and, thus, physical activity might decrease the risk of ESCC. 30, 31 In addition, physical activity has been linked with cancer prevention via other mechanisms, including inhibition of chronic inflammation and regulation of circulation and other factors such as bowel transit time, immune function, and DNA repair. [32] [33] [34] As confirmed, natural killer (NK) cells play critical roles in killing cancer cells through the direct cytotoxicity, as well as activating T cells and M1 macrophages. 35, 36 Exercise can exactly induce a crosstalk of muscle-to-immune cells to regulate immune system via promoting the release of myokines, thus enhancing the activation and function of NK cells to prevent tumorigenesis. The differential effects of recreational and occupational activities need to be further elucidated. It is likely that individuals who had longer RAT might have more opportunities to communicate with friends and family under relaxed circumstances, making it easier to maintain a good mood and immune state. However, individuals who spent more time on occupational activities may have a poorer socioeconomic status and greater stress in life, which could be related to higher ESCC risk. 27, 38 As Ma et al 39 reported, stress could induce apoptosis of NK cells and markedly decrease their activity, which might facilitate the growth of cancer cells. Unfortunately, we did not obtain the data on detailed socioeconomic parameters.
A previous study assessed the relationship between sedentary time and cancer risk but provided little evidence for the particular cancer types. 16 Patel et al found that the total risk increased when the duration of leisure time spent on sitting was prolonged for various cancers in women, including multiple myeloma and breast and ovarian cancers. 17 The only study analyzing the relationship between total sitting time and ESCC reported a negative association, although it demonstrated that increased sitting time was related to high EAC risk. 12 Inconsistent with the findings in this cohort, our results supported that long total sitting time was associated with increased ESCC risk in both sexes and especially in women.
In our analysis, subjects with longer sitting time tended to have higher BMI (P=0.08) without statistical significance and AOR of ESCC for sitting time changed slightly when BMI included. Shen et al 40 also reported that sedentary behavior was associated with increased risk of various cancers independent of energy intake and BMI. Therefore, other potential mechanisms exist. First, sedentary behavior has been implied to be related to metabolic dysfunction. 41, 42 Studies have demonstrated the association of metabolic dysfunction with EC. 43, 44 Second, sitting time can change the levels of sex hormones, further affecting body's immune function. 45 Third, excessive sitting can stimulate the release of various inflammatory mediators, such as interleukin-6 and tumor necrosis factor-α, which are recognized as risk predictors of cancer. 46 Undoubtedly, the mechanisms are complex and further studies need to be performed.
To verify whether the impact of long sitting time and OAT on increasing ESCC risk could be diminished by RAT, we further performed stratification analysis according to the various RAT groups. Interestingly, longer sitting time was not associated with ESCC risk when RAT 2 hours, suggesting that long RAT could eliminate the negative effects of sitting on ESCC development. In addition, AOR of ESCC was partially diminished in subjects with longer OAT when their RAT was 2 hours. This indicated that longer RAT showed protective roles for individuals with longer sitting time or longer OAT.
Both smoking and drinking have been suggested as important risk factors in ESCC in our study, which is identical with previous studies. 47 However, our results showed that the drinking frequency was not associated with ESCC risk in women. It is difficult to explain why drinking was not a risk factor in women, and we are unconfident with this result, as it may due to the small number of women in this study. Individuals who had special dietary habit were also found to undergo higher ESCC risk, which was consistent with other reports. 48 The strength of the current study is that it included age-and sex-matched control subjects at ~1:1 ratio, which strengthened the comparability and reliability of the results. Additionally, we enrolled participants from multiple cities in both northern and southern areas of China, thereby improving the representation of the samples. This study has some limitations. First, it is a retrospective study, which may have limited the accuracy of the information. Second, the sample number is relatively small, especially the number of female participants. This limitation may render some analyses unreliable, but our main results were highly significant and in agreement with the overall analysis. Third, information on the socioeconomic status and occupational exposures including carcinogenic dust and fumes could not be obtained, which are potential confounding factors and may influence the results to an extent. Fourth, 12 months definition used during information collection was intended to control recall bias, but it might not be long enough for the study. Large-scale prospective studies are needed to confirm our findings.
Conclusion
This study demonstrates that in both sexes, long total sitting time and OAT can increase risks of ESCC, while long RAT is associated with decreased ESCC risk. Risk estimation for the three factors remained significant when the model was adjusted to include BMI. Furthermore, long RAT (2 hours/week) can be an effective way to reduce ESCC risk caused by long sitting time or long OAT. This study provides more indicative evidence for broadening the etiology of ESCC. And total sitting time and physical activity time may be significant behavioral factors in ESCC risk, which can be corrected in daily life.
